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3.0 DISCLAIMER
The study discussed in this document was carried out as part of the
efforts of the Pollution From Land Use Activities Reference Group,
an organization of the International Joint Commission, established
under the Canada-US Great Lakes Water Quality Agreement of 1972.
Funding was provided through the Ontario Ministry of the
Environment.
Findings
and conclusions are those of the authors
and
do not necessarily reflect the views of the Reference Group or its
recomnendations
to
the
Commission.
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 8. 0 SUMMARY
As part of the Ontario Ministry of the Environment's input to the
Pollution from Land Use Activities Reference Group (PLUARG) program,
studies were conducted of some waste disposal practices consisting
of sanitary landfilling, disposal of processed organic waste on
agricultural land, private waste disposal, land irrigation from
wastewater lagoons and point—source discharges (i.e. industrial and
municipal effluents). Excluding point-source discharges, the other
waste disposal practices studied appear to pose no serious
environmental hazard, provided they are subject to proper site
selection, design and operation. Contaminant attenuating mechanisms
in the soil or the subsurface (i.e. bacterial decomposition,
dilution with subsurface water, chemical and physical reactions in
the wastewater and between the wastewater and the surrounding soils
through which the wastewater passes) appear to be highly effective
in restricting the migration of contaminants from waste disposal
sites. The potential pollutants identified from existing waste
disposal practices in Ontario are listed below:
Sanitary landfilling - chloride
 
Disposal of processed organic waste on agricultural land -
phosphorus, nitrogen and trace elements
Land irrigation from wastewater lagoons - phosphorus and
nitrOgen
Private waste disposal - phosphorus and nitrogen
Point sources — phosphorus, nitrogen, chloride, trace
elements and organic chemicals
Sites used for sanitary landfilling, processed organic waste
disposal and land irrigation fron wastewater lagoons are designed to
minimize losses through surface runoff. Consequently, contaminated
vii
 surface runoff from existing waste disposal sites was found to be of
little importance but contamination of the unsaturated zone and
ground-water system was observed locally. However, where suitable
and sufficient earth materials and acceptable ground-water flow
conditions are present between the disposal site and where
ground-water discharge occurs, most pollutants were attenuated below
detectable limits. Based on these studies, loadings estimates
suggest that less than 6% of the annual nitrogen, phosphorus and
chloride loads at the mouths of the Grand River and Saugeen River
pilot watersheds is contributed from sanitary landfilling, private
waste disposal, processed organic waste disposal, and land
irrigation fran wastewater lagoons, inclusive.
With respect to point-source discharges, significant pollutant
inputs were identified as contributing to water-quality impairment.
For example, in terms of the total annual load monitored at the
mouth of the Grand River basin, combined municipal and industrial
point-source discharges accounted for 25% of the phosphorus, 20% of
the nitrogen, 11% of the lead, 25% of the zinc and 21% of the copper
loads.
In contrast with the Grand River basin which has an urban
population comprising 73% of the total basin population of 514,000,
the Saugeen River Basin is essentially a rural watershed with an
urban population of approximately 43% of the total basin population
of 57,000.
Consequently, on an annual basis, combined point-source
inputs are estimated to contribute less than 7% of the phosphorus,
3% of the nitrogen and less than 2% of the trace elements loads at
the mouth of the Saugeen River.
Where diffuse or non-point, waste disposal practices are a problem,
obvious control strategies are the retention of contaminants, thus
preventing them from reaching the receiving waters;
proper design
and management of waste disposal
sites
(including septic systems)
to
3
permit utilization
of natural
site characteristics for pollutant
attenuation; and the treatment and recycling of waste materials.
viii
 9.0 INTRODUCTION
The Pollution From Land Use Activities Reference Group (PLUARG) was
established by the International Joint Commission (IJC) as a result
of the Great Lakes Water Quality Agreement of April 15, 1972. The
Reference Group was requested to conduct studies on the impact of
land-use activities and practices on the water quality of the Great
Lakes basin and to recompend remedial measures for maintaining or
improving Great Lakes water quality.
The PLUARG program consisted of four major tasks as outlined in the
Reference Group's February 1974 Detailed Study Plan.
"Task 'A' is devoted to the collection and assessment of
management and research information and, in its later stages to
the critical analysis of implications of potential recommenda—
tions. Task '3' is first a preparation of a land-use inventory,
largely from existing data, and, second, the analysis of trends
and land-use patterns and practices. Task 'C' is the detailed
survey of selected watersheds to determine the sources of
pollutants, their relative significance and the assessment of
the degree of transmission of pollutants to boundary waters.
Task 'D' is devoted to obtaining supplementary information on
the inputs of materials to the boundary waters, their affect on
water quality and their significance in these waters in the
future and under alternative management schemes.“
As part of the Task 'C' program, several pilot watersheds were
chosen in the United States and Canada for intensive study, to cover
a wide variety of potential sources of pollution to the boundary
waters of the Great Lakes. Based on the climate, geology, soils and
land uses, the Grand River and Saugeen River basins were chosen as
 pilot
watersheds
for
intensive
study
under
the
Task
'C‘
program
in
Canada
(Figure
l).
The
land
uses
not
adequately
represented
in
the
pilot
watersheds
were
incorporated
into
the
PLUARG
program
as
subwatershed
studies
conducted
in
different
parts
of
the
Great
Lakes
basin.
9.1 STUDY OBJECTIVES
This
report
deals
with
the
impact
of
some
waste
disposal
practices
on
Great
Lakes
water
quality
and
is
one
of
four
technical
reports
prepared
by
the
Ontario
Ministry
of
the
Environment
as
part
of
the
Canadian
Task
'C'
pilot
watershed
studies.
Sanitary
landfilling,
processed
organic
waste
(sewage
sludge)
disposal
on
agricultural
lands,
land
irrigation
from
wastewater
lagoons
and
private
waste
disposal
(septic-tank
systems)
were
identified
for
investigation
in
the
Reference
Group's
1974
Detailed
Study
Plan.
These
studies
were
designed
to
provide
information
on
the
impairment
of
receiving
waters,
both
surface
and
ground
waters
by
any
effluent/leachate
generated
as
a
result
of
these
land—use
practices
and
to
provide
an
assessment
of
the
impact
on
Great
Lakes
water
quality.
In
addition,
monitoring
of
wastewater
discharges
from
point
sources
was
undertaken
to
determine
the
magnitude
and
significance
of
pollutant
contributions
from
direct
municipal
and
industrial
discharges
with
respect
to
those
from
diffuse
or
non
point-source
contributions
in
the
Grand
River
and
Saugeen
River
pilot
watersheds.
9.2
STUDY
APPROACH
Specific
field
studies,
and/or
the
compilation
of
information
from
other
existing
studies,
on
the
waste
disposal
practices
listed
in
the
Study
Objectives
were
initiated
as
part
of
the
Task
'C'
C
program.
Surface
and
ground-water
monitoring
networks
were
estab-
‘
lished
to
monitor
the
quantity
and
chemical
composition
of
the
   
 
Georgian
Bay \
LA
KE
|
l
\ HURON
- \. /'[
f
\
.
r
,
S
A
U
G
E
E
N
N
V
E
R
‘ \'/' at“ a x
'
l
“
N
.
V
,
.
/
W
A
T
E
R
S
H
E
D
3‘
Ta
b;
SA
UG
EE
N
f:
an
l
|
‘3
‘
.
r3
5‘
9)
./
l
\
‘V
-r
-
J
"
\
\
~
.
-
"
’
'
/
I
\
'
8
0
9
0
5
3
4
0
3
H
O
B
S
d
S
K
\
o
 
\ {
GR
AN
D
RI
VE
R
x‘
.
(
W
A
T
E
R
S
H
E
D
‘\
\
l
N.
k.
\‘s— .‘GhA.
- - a x,
. LONDON \,
.
C
A
N
N
y
i
—
—
—
"
”
‘
wm
os
on
”'
,1
F;
k
LA
KE
I’
;
/ERu-: o o 20 o 40 50mm!
"
-
_
_
_
1
o . 0 I00]
‘
’_
w_
_
*_
W_
_
ki
lo
me
tr
es
J
FIGURE #1
LO
CA
TI
ON
OF
CA
NA
DI
AN
TA
SK
C
PI
LO
T
WA
TE
RS
HE
DS
3
 
 effluent or leachate generated at each site. For those studies
where the pollutants were being discharged to the ground-water
system, the pattern of migration and degree of attenuation were also
monitored.
The detailed information derived from these specific studies was
expressed as unit loads. These unit loads, in conjunction with
basin-wide inventories, were used to estimate a total load attribu—
table to each waste disposal practice in the Grand River and Saugeen
River pilot watersheds. Using a simple mass balance approach,
estimated loads derived from unit loads for all land uses and
practices in the pilot watersheds were then summed. Comparison of
the sunmed load with the monitored loads at the mouths of the pilot
watersheds provided a gross error estimate on the reliability of the
estimated loads.
9.3
DESCRIPTION AND LOCATION OF WASTE DISPOSAL STUDIES
 
9.3.1 Sanitary Landfill
In Ontario in 1974, there were approximately 1,016 active sanitary
landfill
sites occupying a total
area of approximately 8,900
hectares
and receiving
approximately
30,000
metric
tonnes
of
waste
per day (Anon., 1977).
This figure represents a solid—waste
generation
of approximately 2 kg/person/day from rural
and urban
areas within the Province
(Anon., 1976a).
Approximately 50% of all
solid waste is comprised of commercial refuse and
industrial
wastes.
The composition of municipal
waste
in 1974
(Middleton,
1975)
averaged
35%
paper,
22% food
waste,
15% yard
waste,
8%
glass,
8% metal (ferrous 7%) and 12% miscellaneous (rubber, leather, cloth,
plastic, wood, etc.).
One site, the Violet Sanitary Landfill
in the Hilton Creek drainage
basin
(Figure
2)
serving
a population
of
10,000,
was
selected for
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 intensive
study by the Ontario Ministry of the Environment as part
of
the
PLUARG
Task
'0'
program.
The
site
occupies
a
total
area
of
11
hectares
in
an
abandoned
sand
and
gravel
pit
and
has
been
in
operation
since
1971.
Approximately
68,000
metric
tonnes
of
domestic
refuse
and
polyester
fibre
(50,000
and
18,000
tonnes,
respectively)
have
been
deposited
in
approximately
3
hectares
of
the
site
to
an
average
refuse
depth
of
6
metres.
At
the
present
rate
of
filling,
the
life
expectancy
of
the
site
is
6
years
(1979-1985).
9.3.2
Processed
Organic
Waste
Disposal
on
Agricultural
Lands
Treatment
of
wastewater
at
a
municipal
sewage
treatment
plant
has
developed
into
a
highly
efficient
chemical,
physical
and
biological
process
providing
for
phosphorus,
biochemical
oxygen
demand
(BOD)
and
solids
removal
prior
to
discharging
effluents
into
receiving
waters.
With
the
continual
upgrading
of
effluent
quality,
the
sludge
or
solid
waste
generated
may
contain
significant
quantities
of
undesirable
contaminants,
as
well
as
nutrients
and
trace
elements
that
can
be
utilized
by
field
crops
and
plants
for
their
growth.
According
to
the
USA
Council
for
Agricultural
Science
and
Technology
(CAST),
a
report
(Anon.,
1976b)
stated:
"Long-term
soil
contamination,
toxicity
to
plants,
and
accumulation
of
toxic
elements
in
the
food
supply
are
thought
to
be
the
most
serious
potential
problems
resulting
from
application
of
sludge
to
crop
lands."
Data
extrapolated
from
a
1975
sludge
disposal
practices
survey
indicated
that
in
Ontario,
210
sewage
treatment
plants
produced
176,000
dry
tonnes
of
sludge
of
which
34%
or
approximately
60,000
dry
tonnes
were
applied
to
agricultural
lands.
The
remaining
sludge
was
disposed
of
by
incineration
(40%),
landfilling
(23%)
and
i
composting,
etc.
(4%).
The
disposal
of
processed
organic
waste
on
 agricultural lands was studied by the Ontario Ministry of the
Environment as part of the PLUARG Task 'C' program at two sites in
the vicinity of Newmarket (Figure 3) and Brantford (Figure 4).
9.3.2.1 Newmarket Site: The Newmarket study site (Figure 3) is in
the Black River drainage basin in the Regional Municipality of York,
approximately 11 kilometres northeast of the Town of Newmarket. The
site covers an area of 3.2 hectares which has been in continuous
crop production for at least the past 10 years. Crops grown during
this period include corn, barley and, during the past 3 years,
grass-hay. The land surface is undulating to rolling, sloping in
the direction of York Regional Road 13 at an average gradient of
approximately 6%. The surface soil is classified as silty-clay loam
(Anon., 1962; USDA-SCS, soil textural classification).
9.3.2.2 Brantford Site: The Brantford study site (Figure 4) is
located on the flood plain of the Grand River on the outskirts of
the City of Brantford, adjacent to the Brantford Water Pollution
Control Plant and Sanitary Landfill site. The study site covers an
area of 16 hectares and has been in continuous corn production for
at least the past 10 years. The land surface is relatively flat and
slopes gently (1 to 2%) towards the Grand River. The surface soil
is a silt loam (Anon., 1962; USDA-SCS, soil textural classification).
9.3.3. Land Irrigation from Nastewater Lagoons
Wastewater from municipal and industrial sources can be effectively
treated by storing the wastewater in stabilization ponds or lagoons
for a suitable period of time. During this retention period,
biological processes breakdown and stabilize the organic material
present in the wastewater. The efficiency of waste-stabilization
ponds to improve wastewater quality is highly variable and is
dependent on such factors as the depth of wastewater, temperature,
biological growth, wastewater characteristics, and retention time.
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 The wastewater from waste-stabilization ponds can be further treated
by land irrigation. Land treatment schemes take advantage of the
combined capacities of the soil and vegetation to renovate the
.
wastewater effluent by filtration, soil adsorption, chemical
precipitation, ion exchange, biochemical transformation and/or
biological absorption. The method of liquid application of
wastewater depends on climatic and site conditions as well as the
degree of wastewater renovation required. Land irrigation
techniques in Ontario have had the greatest application in the
treatnent of industrial
wastewater effluents.
At the present time,
there are approximately 58 industrial wastewater
irrigation systems
in operation consisting primarily of food processing and dairy
wastes
(Figure
5),
treating
approximately
4.3 million
cubic metres
per year
(958 million gallons per year)
of wastewater (Anon.,
1973).
In Ontario,
there
are
approximately
100 municipal
wastewater
lagoons
with
a total
combined
capacity
of
43.9 million
cubic
metres
per year
or
9.7
billion
gallons
per
year
(Anon.,
1973).
The
bulk
of
these
lagoon
operations
(98)
utilize
direct
discharges
to
receiving
streams
after
an
appropriate
period
of
wastewater
retention.
The
remaining
two
municipal
wastewater
stabilization
pond
operations,
at
Shelburne
and Smithville,
have
experimental
irrigation
systems
treating
75,000
cubic
metres
per
year
(16.5
million
gallons
per
year)
of municipal
wastewater
effluent
(Figure
5).
Under
the
PLUARG
program
additional
specific
field
investigations
were
not
conducted
because
of
the
considerable
amount
of
information
available
in
Ontario
with
respect
to
wastewater
lagoons
and
land
irrigation
systems.
The
data
discussed
in
this
report
are
primarily
based
on
published
information
(Sullivan
et
al,
1973),
including
an
inventory
of
irrigation
systems
in
the
Great
Lakes
basin
(Anon.,
1973)
and
two
pilot
studies
undertaken
from
1971
to
1973
by
the
Ontario
Ministry
of
the
Environment
(Ehlert,
1973
and
1975).
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9.3.3.1 Spray Irrigation (from Ehlert, 1973): Land irrigation
using "spray irrigation-infiltration" was monitored for a total of
28 weeks during the summer-fall periods of 1971 and 1972 at the ‘
sewage treatment facilities in the Village of Shelburne (Figure 6).
Sewage treatment is provided by a 5.3 hectare continuous overflow .
waste-stabilization pond consisting of two, 2.7 hectare cells
operated in parallel and designed to serve 1,350 people. Average
flow to both cells during the study periodwas 835 cubic metres per
day. A four-hectare parcel of land located adjacent to the waste
stabilization pond was utilized for irrigation and consisted of 2
sections. One section of 3.2 hectares had a twitch grass cover and
the soil consisted of a well-drained sandy loam with a permeability
of approximately 10'3 cm/sec. The other section was a poorly-
drained treed area with heavy ground cover.
9.3.3.2 Overland Runoff (from Ehlert, 1975): Land irrigation using
"overland runoff" was monitored for a total of 43 weeks during the
summer-fall periods of 1972 and 1973 at the sewage treatment
facilities in the Community of Smithville (Figure 7). A single 3.5
hectare waste stabilization pond with a capacity to treat 1,540
cubic metres of municipal waste was monitored. The overland runoff
irrigation area consisted of a section of land, approximately 21
hectares in size, having an average slope of about 5%. The cover
vegetation consisted of thick grass with large quantities of weeds
on clay loam soil with a permeability of approximately 10'4 to
10'5 cm/sec.
9.3.4 Private Waste Disposal Systems
 
Based on 1971 census data, approximately 408,000 private waste
disposal systems (septic tanks) are being used by one and one-half
million people in the Ontario portion of the Great Lakes watershed
(i.e. 3.7 people per system). An additional 136,000 systems are
12
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used for waste disposal purposes in seasonal dwellings. The
pollutant input from these systems to the Great Lakes was estimated
(Chan, 1978), based on monitoring data from nine systems (Figure 8)
constructed in soils ranging from beach sands to clay silts. The
systems were chosen to represent different combinations of site and
hydrogeological conditions present in the Ontario portion of the
Great Lakes basin.
In most cases, a two-year study was conducted at each site. Usually
in the first year, a preliminary study of the ground water and soil
conditions was undertaken. After analyzing the preliminary results,
a more detailed program was designed and carried out in the second
year with the emphasis on the study of the contamination of the
ground water on the downgradient sides of the private waste disposal
systems. The study included periodic sampling of ten septic-tank
effluents to determine their chemical composition and potential
pollutant impacts. These samples were composited on an hourly
basis, ranging from 6 to 11 composite samples for each system, for a
period of several days to ensure collection of representative
samples.
9.3.5 Point Sources
Monitoring of municipal and industrial point sources was initiated
during the course of the Task '0', PLUARG study, to provide
information on liquid wastes from outfalls (pipe sources)
discharging directly to receiving waters in the Grand River and
Saugeen River pilot watersheds. The combined municipal and
industrial point-source discharges constitute approximately 40% and
less than 5% of the low flow in the Grand and Saugeen rivers,
respectively.
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 9.3.5.1 Municipal: Municipal point-source information was derived
from existing effluent quality data on file with theOntario
Ministry of the Environment for municipal sewage treatment plants
(Anon., 1975 and 1976c) and from supplementary PLUARG monitoring in
the two pilot watersheds. Municipal effluents were sampled under
the PLUARG program at the 15 major sewage treatment plants (figures
9 and 10) representing about 94% and 84% of the municipal sewage
treated in the Grand River and Saugeen River basins, respectively.
The population served by themunicipal sewage treatment systems in g
the Grand River basin (i.e. sewered) is approximately 374,000 or 74% g
of the basin population and approximately 24,500 or 43% of the basin
population in the Saugeen River basin. The effluent discharges were
sampled after a prolonged dry spell to ensure that sewage quality
and quantity were not influenced by significant infiltration into
the sanitary sewage system. Sampling was also undertaken during a
basin-wide rainfall event in the Grand River basin to examine
changes in sewage effluent quality as a result of inputs from
combined sewers, infiltration, etc.
9.3.5.2 Industrial: In the Grand River watershed, as part of the
industrial sampling program, cooling, process and general purpose
waters were collected from 95 commercial, institutional and
industrial sources (Figure 11). Most of the industrial waste volume
produced in the Saugeen River watershed is processed by the sewage
treatment plants and consequently, only one industrial source was
required to be sampled.
9.4 METHODOLOGY
9.4.1 Data Collection
The details of water quality and quantity sample collection and
instrumentation for surface and ground waters monitored under the
PLUARG program are described in a companion technical report on data
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 collection methodology (Onn, in press). Methodology and
instrumentation techniques used to monitor the wastewater lagoon and
land irrigation systems are described by Ehlert (1973 and 1975).
9.4.2 Load Estimates
As part of the mass—balance approach to evaluate the impact and
significance of land drainage on the boundary waters of the Great
Lakes, water quality and quantity data from the PLUARG monitoring
were translated into quantitative estimates of pollutant mass
transport (i.e. loadings). In some of the wastes disposal studies,
pollutant impact on a receiving stream was not measurable because of
factors such as the size of the receiving stream in relation to the
volume discharged from a source, the distance from a source to the
receiving water and attenuating mechanisms within the ground—water
flow system. For pollutants reaching the ground water, attenuating
mechanisms consist of bacterial decomposition, dilution, chemical
and physical reactions in the wastewater and between the wastewater
and the surrounding soils through which the wastewater passes.
Since land uses and practices involving sanitary landfilling,
processed organic waste disposal, land irrigation from wastewater
lagoons and private waste disposal impact initially on ground-water
systems, loads to the ground-water systems were computed. Nominal
rates of pollutant loadings to receiving waters were then assigned.
Pollutant loads were then coupled with land-use inventories in the
Grand River and Saugeen River pilot watersheds to provide basin
loading estimates for different waste disposal sources in the
watersheds.
9.4.2.1 Sanitary Landfill: In the sanitary landfill study, paired
samples taken weekly in the receiving stream above and below the
contaminant discharge zone showed measurable downstream concentra-
tion differences during the low flow period from July 15 to October
21
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.
total
phosphorus,
suspended
solids
and
biochemical
oxygen
demand.
Sane
of
the
treatment
plants
also
have
the
effluent
analysed
for
1
total
Kjeldahl
nitrogen,
(nitrite
+
nitrate)-nitrogen
and
ammonia
nitrogen.
Effluent
data
were
compiled
for
1975
and
1976,
and
the
loads
were
calculated
for
each
of
the
measured
parameters
in
tonnes
per
year.
Total
annual
flow,
in
cubic
metres
per
year,
and
average
concentrations
in
milligrams
per
litre,
of
the
effluent
for
each
sewage
treatment
plant
were
used
in
calculating
the
annual
loads.
Loading
estimates
for
industrial
sources
were
calculated
by
obtaining
a product
of
total
annual
discharge
and
average
pollutant
concentrations
obtained
from routine Ministry
and
supplementary
PLUARG
monitoring
undertaken
in
1976.
The
quality
and
quantity
of
these
industrial
effluents
are
extremely
variable
with
time
and
some
parameters
were
analyzed
for
the
first
time
as
part
of
the
PLUARG
study.
As
a
result,
the
reliabilities
of
these
loading
estimates
vary
with
each
specific
source,
but
generally
are
considered
to
be
poor.
The
supplementary
PLUARG monitoring
was
conducted
when
industries
were
experiencing
full
production
and the
waste
volumes
were
high.
As
a
result,
these
loading
estimates
may
be
signifi-
cantly
higher
than
the
actual
long-term
loads.
9.5 PARAMETERS
The
parameters
identified
by
the
PLUARG
for
the
Task
'0'
studies
were as follows:
total phosphorus, (TP)
filtered reactive phosphorus, (FRP)
filtered
(nitrite
+
nitrate)-nitrogen,
(NO2
+
N03)-N
total Kjeldahl nitrogen, (TKN)
total nitrogen, (TN) ‘
suspended sediment, (SS)
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 lead, (Pb)
copper, (Cu)
zinc, (Zn)
chloride, (CL) 4
poiychiorinated biphenyis, (PCBs)
Although not discussed in this report, additional information is
availabie from the Ontario Ministry of the Environment (Anon.,
1979a) on the major cations and anions, phenois and carbon. Stream-
flow data for the PLUARG period are aiso avaiiabie in a separate
document (Anon., 1979b).
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10.0 TABULATED RESULTS OF DATA COLLECTION
 
10.1 POLLUTANT CONCENTRATIONS
 
Concentration data from the various waste disposal practices are
listed in tables 1 to 6 inclusive. Table 1 presents average
concentrations of leachate and, ground- and surface-water parameters
monitored in the vicinity of the Violet sanitary landfill site.
Tables 2 and 3 present average concentrations of the sewage sludge,
soil and ground- and surface-water parameters monitored at the pro—
cessed organic waste disposal sites in the vicinity of Brantford and
Newnarket. Table 4 presents concentration data for biomass samples
from the Newmarket and Brantford sites. Table 5 presents average
concentration data for sewage, sewage effluent and ground- and
surface—water parameters as part of land irrigation studies under-
taken prior to the PLUARG program by the Ontario Ministry of the
Environment in the vicinity of Smithville and Shelburne. Table 6
presents average concentration data for septic-tank effluent and
ground water monitored in the vicinity of nine private waste
disposal sites chosen for detailed study under the PLUARG program.
Table 7 presents ranges of concentrations monitored from municipal
and industrial point sources in the Grand River and Saugeen River
pilot watersheds.
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Table 1.
 
AVERAGE CONCENTRATIONS, SANITARY LANDFILL STUDY, VIOLET LANDFILL SITE
PARAMETERS
(in mg/L or
othe
rwis
e st
ated
)
Hater*
Qual
ity
Criteria
1975/76/77 1975/76
Leac
hate
Quality
(Hel
l V9
)
Downg
radie
nt
Ground-Hater
Qual
ity
(13 Hells)
1975/76
Back
groun
d
Groun
d-Hat
er
Qual
ity
(11 Wells)
1975
Upstream
Surfac
e-Hate
r
Quality
(SL
F-
1)
1976
Upstream Surface-
Hater Quality
Jul 15-
Oct 15
(SL
-1)
1976
Downstrean
Surface-
Hater Quality
July 15
- Oct 1
5
(SLF-la)
Conductivity (
micromhos/cm3)
Alka
lini
ty
Chloride
Sodium
Cal
ciu
m
Magn
esiu
n
Potassiun
Sulp
hate
pH (units)
Total Carbon
Inorganic Carbon
Organic Carbon
CO
D
Nnnonia Nitrogen
Nitrate + Nitrite Nitrogen
Total KJeldahl Nitrogen
Total Nitrogen
Total Phosphorus
Filtered Reactive Phosphorus
Suspende
d Solid
s
Nickel
Zinc
Cop
per
Le
ad
Cadniun
Chromium
Mercur
y (ppb
)
Manganese
Arsenic
Iron
Nunber of Samples
250.
6.5 to 8.5
.02**
10.
7,700.
2,750.
740.
576.
159.
157.
338.
25.
7.2
1,000.
770.
230.
8,300.
31
8.
.02
330.
330.
2.5
.25
-.
11
4.
.0
33
.0
22
.006
.049
+
+
.003
+
5
1,400.
368.
240.
136.
126.
29.
3.
23.
7.4
117.
97.
20.
50.
.3
6
.2
4
2.
4
2.6
.46
.0019
.0
1
+
.0
37
.088
.002
.010
533.
232.
18.
10.
78.
17.
2.
31.
7.8
11
9.
76.
_43.
23.
.1
9
2.1
1.9
4.0
1.1
.00
64
.029
4.
529
171
S
4
23
65
1
5
3
2
4
8
50
4
1
9
39
:1
.078
:2
4
562
181
59
25
15
.040
.1
8
596
190
6
4
2
8
7
0
1
8
3
2
3
8
56
4
6
10
20
I1
.0
12
.018
.5
7
 
Unrepresentative values as a result of well screen contamination and sample collection techniques.
+
* Provincial Hater Quality Objectives (Water Management; Goals, Policies, Objectives and Implementation Procedures of the Ministry of the
Environnent, 1978).
** Un-ionized ammonia nitrogen; amount dependent on temperature and pH of the aqueous annonia solution.
*** Criterion dependent on alkalinity; ranges from .005 to .025 mg/L.
**** Criterion based on filtered water sample.
 
Table 2. AVERAGE CONCENTRATIONS, PROCESSED ORGANIC WASTE DISPOSAL STUDY, NEWMARKET# SITE
 
PARAMETERS Hater* 1976 1976 Average 1976/77 1976/77 1976 1976
(in mg/L or ug/g or Quality Sludge Sludge Ontario Downgradient Background Surface— Black River
otherwise stated) Criteria Quality Amended Soil Ground-Hater Ground-Hater Runoff Hater Water Quality
Soil (Frank Quality Quality Quality
at al, 1976) (6 Hells) (1 Well) (F—l) (F-Z)
Conductivity (micromhos/cm3) - - - - 472. 427. 330. 430.
Alkalinity
- 6,407. - - 194. 175. 138. 174.
Chloride
250. 341. — - 7. 7. 5. 18.
Sodium
- 144. 168. — 8. 9. 4. 8.
Calcium
- 7,314. 8,100. - 61. 57. 59. 70.
Magnesium
- 259. 1,400. - 20.
15.
4.
9.
Potassiun
-
Sulphate
250.
-
-
pH (units)
6.5 to 8.5 7.2 8.1 — 8.2
8.0
7.8 7.9
Total Carbon
-
- -
Inorganic Carbon
-
- - - 63.
58.
36. 44.
Organic Carbon
-
- - - 39.
33.
15. A 9.
COD
-
- 38,300. - 123.
122.
-
21.
Armenia Nitrogen
.02“
332.
-
Nitrate + Nitrite Nitrogen 10. -
1
Total Kjeldahl Nitrogen
- 1,566. - -
.92
.86 1.
Total Nitrogen
-
-
3
Total Phosphorus
.03 880.
910.
-
.73
.25
.
Filtered Reactive Phosphorus
-
-
-
Suspended Soilds
-
51,558.
-
Nickel
.025
1
Zinc
.03
107.
42.
5
Copper
.005
24.
9.
2
1
1
2
7
 
Lead
.005***
21.9
7.
Cadniun
.0002
.27
.3
Chromlun
.1
4.4
10.
Mercury (ppb)
.2****
-
60.
80.
+
+
.05
.04
Manganese
.05
26.
230.
-
+
+
—
-
Arsenic
.1 .18 2.3 6.3 .001 _ .001 .002 .001
Iron
.3 1,467. 11,700. 14 470. + + 2.3 6
Total Coliform (I per 100 mL)
1,000.
-
-
Fecal Coliform (# per 100 mL) 100. - - - 1
-
1. 500.
Fecal Streptococcus (# per 100 mL) -
- - - 1
-
10. 300.
Number of Samples
- 10 1 295 ' 101
12
9
s
+ Unrepresentative values as a result of well screen contamination and sample collection techniques.
* Provincial Hater Quality Objectives (Hater Management; Goals, Policies, Objectives and Implementation Procedures of the Ministry of the
Environment. 1978).
# Sludge Application Rate 9.6 metric tons per hectare.
** Un-ionized anlnonia nitrogen; mount dependent on temperature and pH of the aqueous amnonia solution.
*** Criterion dependent on alkalinity; ranges from .005 to .025 mg/L.
**** Criterion based on filtered water sample.
L Less than
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8
Table 3.
AVERA
GE C
ONCEN
TRATI
ONS,
PROCE
SSED
ORGAN
IC WA
STE
DISPO
SAL S
TUDY,
BRANT
FORD#
SITE
PARAM
ETERS
(in
mg/
L o
r u
g/g
or
oth
erw
ise
sta
ted
)
Water"
1975
1976
Quali
ty
Sludg
e
Sludg
e
Crit
eria
Qual
ity
Amen
ded
Soil
Average
On
ta
ri
o
Soi
l
(F
ra
nk
et a
l, 1
976)
(F-2)
1975/76
Tile Drain
Qu
al
it
y
 
Cond
ucti
vity
(mic
romh
os/c
m3)
-
-
-
-
Alka
lini
ty
—
5,92
0.
—
-
Chlo
ride
250.
545.
-
Sodi
um
-
117.
220.
-
Cal
ciw
n
-
1,37
6.
79,0
00.
-
Mag
nes
ium
—
202.
24,
000
.
—
Pota
ssiu
m
-
67.
2,00
0.
-
Sulp
hate
250.
-
-
pH
(uni
ts)
6.5
to
8.5
7.3
-
—
Tota
l Ca
rbon
-
-
—
-
Inor
gani
c Ca
rbon
—
—
—
-
Orga
nic
Carb
on
-
-
COD
-
-
Nnn
oni
a N
itr
oge
n
.02
**
767.
Nit
rat
e +
Nit
rit
e
Nit
rog
en
10.
Tota
l K
jel
dah
l N
itr
oge
n
—
Tota
l N
itro
gen
—
Tot
al
Pho
sph
oru
s
.03
947.
Fil
ter
ed
Rea
cti
ve
Pho
sph
oru
s
-
—
Susp
ende
d S
oild
s
-
45,2
14.
-
Nick
el
.025
3.5
18.
15
Zinc
.03
67.4
110.
53
Copp
er
.005
52.9
19.
25
Lea
d
.00
5**
*
47.
2
20.
14
Cadm
ium
.000
2
.7
.9
0
Chro
miun
.1
35.2
42.
14
Mercu
ry
(ppb)
.2***
*
23.
110.
80
Manga
nese
.05
10.
640.
—
Arsen
ic
.1
4.8
6
Iron
.3
18,00
0.
14,47
0
Total
Colif
orm
(# pe
r 10
0 mL)
1,000
.
—
-
Feca
l Co
lifo
rm (
# pe
r 10
0 mL
)
100.
-
-
-
Feca
l S
trep
toco
ccus
(# p
er
100
mL)
-
—
—
-
50,0
00.
-
2,n
7.
:
I
—
23m.
—
we -
Numbe
r of
Sampl
es
-
14
1
296
1,
_
I
—
J
_
1
009.
274.
20.
8.
156.
27.
2.
95
.
7.5
69.
65.
4
.
18.
37
.9
.
2
3
8
.
1
.05
.0
07
.0
05
.025
.0
04
.033
+
+
.0023
+
10
1
0
10
1
2
1975/76
Downgradient
Gro
und
-Wa
ter
Q
u
a
l
i
t
y
(3 W
ells
)
1975/76
Backg
round
Gro
und
—Wa
ter
Qu
al
it
y
(1 H
ell)
1976
Flood
Water
Quality
(F-l)
 
837.
257.
20.
m
m
162
85.
34
9.
154.
11.
9.
64.
335.
125.
41.
 
Unrep
resen
tativ
e va
lues
as a
resul
t of
well
scree
n co
ntami
natio
n and
sampl
e co
llect
ion
techn
iques
.
Provi
ncial
Water
Quali
ty Ob
jecti
ves
(Wate
r Man
ageme
nt;
Goals
, Po
licie
s, O
bject
ives
and
Imple
menta
tion
Proce
dures
of th
e MOE
, 19
78).
+
*
#
Sludg
e App
licat
ion R
ate
15.2
metri
c ton
s per
hecta
re.
*
*
Un-i
oniz
ed a
nnon
ia n
itro
gen;
amou
nt d
epen
dent
on t
empe
ratu
re a
nd p
H of
the
aque
ous
ammo
nia
solu
tion
.
***
Crit
erio
n de
pend
ent
on a
lkal
init
y; r
ange
s fr
om 0
.005
to 0
.025
mg/L
.
****
Crit
erio
n ba
sed
on f
ilte
red
wate
r sa
mple
.
L Le
ss than
TabIe 4.
BIOMASS CONCENTRATIONS,
PROCESSED ORGANIC WASTE
DISPOSAL STUDY,
NEWMARKET AND BRANTFORD SITES
 
PARAMETERS
ACCEPTABLE LEVELS*
BRANTFORD
ACCEPTABLE LEVELS*
NEWMARKET
(in ug/g)
Corn Leaf
Corn Leaf
Corn Grain
Alfalfa
Grass-Hay
Lower
Upper
Lower
Upper
 
Calcium
-
-
Magnesium
1,000.
3,900.
-
Potassium
12,500.
22,400.
5,700.
-
Total Nitrogen
25,000.
35,000.
17,000.
16,000.
-
—
-
Total Phosphorus
1,500.
3,900.
1,700.
3,200.
2,000.
7,000.
4,750.
Nickel
-
-
-
L
2.
~
—
L
3.
Zinc
10.
70.
-
18.
10.
70.
45.
Copper
2.
20.
-
1.4
5.
30.
12.4
Lead
-
—
—
2,
_
-
6_
Cadmium
-
-
-
Chromium
-
-
-
Mercury
-
-
-
Manganese
15.
150.
-
Arsenic
-
-
-
Iron
-
-
-
_
-
6,900.
-
2,000.
10,000.
2,150.
17,500.
35,000.
—
.
2
.2
-
-
6.
.01
-
-
.085
25.
‘
20.
100.
—
.2
-
-
.13
1,000.
-
-
200.
_
1
_
_
l
_
l
_
l
.
.
J
.
—
J
—
J
2
9
* BATES T., 1969. Progress Report, Department of Soil Science, University of Guelph.
(Note: ‘Lower Level' indicates plant deficiency
below this value.)
L = Less than
  
'WA‘v-rmwsnwk «w w» -
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O
Tat>l
e 5.
AVERA
GE CO
NCENT
RATIO
NS,
LAND
IRRIG
ATION
STUDY
,
SMI
THV
ILL
E (
Ove
rla
nd
Run
off
) A
ND
SHE
LBU
RNE
(Sp
ray
Irr
iga
tio
n)
SIT
ES
PARAMETERS
(in mg/L or
otherwise
sta
ted
)
Nat
er*
Qua
lit
y
Criteria
Raw S
ewage
Q
u
a
l
i
t
y
Sewage
Effluent
Qu
al
it
y
1972 (1973) 1972 (1973)
Ground
-Hater
Quali
ty at
1 ft.
(SM 22,23)
1972 (1973)
SMITHVILLE
Ground
—Hater
Quali
ty at
10 ft.
(SM
21)
1972 (1973)
Backg
round
Ground
-Hater
Q
u
a
l
i
t
y
(SM
30)
1973
Sur
fac
e
Runoff
Qua
lit
y
(SM 39455)
1972
(1973
) 19
72(19
73)
Twenty
Mile+
Cre
ek
Qua
lit
y
SHEL
BURN
E
Sewage
Effl
uent
Qu
al
it
y
1971(1972)
Gro
und
-
Water
Qua
lit
y
from L si—
met
ers
0.5
to
3'depth)
1971 (1972)
 
Alkalinity
-
Chloride
Sodium
-
Calcium
—
Magnesium
-
Potassiun -
Sulphate
pH (units)
Anmonia Nitrogen
Nitrate+Nitrite
Nitrogen
Total Kjeldah
l Nitrogen
—
Total Nitrogen -
Total Phosphorus
Filtered Reactive
Phosp
horus
—
Suspended Sol
ids
-
Manganese
Iron
.3
11.8
(10.6
)
256.
(329.
)
N
O
0
v
—
I
l
e
D
M
M
1.1 ( 1.5) .
5.3 _( 7.1) 1.
2.4 _( 2.6) .
103._(7a. ) 11.
u
—
d
79.
A
A
A
A
A
A
A
A
A
A
A
A
A
“
A
v
/
x
[
\
N
.
( 1.1)
.
O
O
M
P
u
—
c
a
i
m
'
a
r
0
1
r
4
d
r
\
a
N
O
t
o
A
OV
v
N
M
.
u
—
i
I
x
o
o
0
3
(
D
O
0
'
)
V
V
V
V
v
v
v
v
 
* Provincial
Water Quality
Objectives (W
ater Manageme
nt; Goals, Po
licies, Objec
tives and Imp
lementation P
rocedures of
the Ministry
of the Enviro
nment,1978).
** Un-ion
ized anno
nia nitro
gen; amou
nt depend
ent on te
mperature
and pH of
the aqueo
us annoni
a solutio
n.
+ Water-
quality s
tation 06
-0024-002
-02; from
Volume VI
I (1972)
and Volum
e VIII (1
973), "Wa
ter Quali
ty Data,
Ontario L
akes and
Streams",
Water Res
ources Br
anch, Ont
ario Mini
stry of t
he Enviro
nment.
'
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1
Ta
bl
e
6.
AV
ER
AG
E
CO
NC
EN
TR
AT
IO
NS
,
PR
IV
AT
E
WA
ST
E
DI
SP
OS
AL
ST
UD
Y
PAR
AME
TER
S
(i
n
mg
/L
or
otherwise
sta
ted
)
Alk
ali
nit
y
Ch
lo
ri
de
Sodium
Calc
ium
Ma
gn
es
iu
m
Pota
ssiu
m
Sulp
hate
Tot
al
Car
bon
Ino
rga
nic
Car
bon
Or
ga
ni
c
Car
bon
Nnn
oni
a N
itr
oge
n
Nitr
ate+
Nitr
ite
-Nit
roge
n
Tot
al
Kje
lda
hl
Ni
tr
og
en
Total
Nitrog
en
Total P
hosphoru
s
Filt
ered
Reac
tive
Phosp
horus
Nic
kel
Zinc
Co
pp
er
Lead
Cadmium
Ch
ro
mi
un
Mang
anes
e
Ars
eni
c
Iron
Total C
oliforms
(# per
100 m/
L)
Fecal Co
liforms
(# p
er
100
m/L)
Feca
l St
rept
ococ
ci
(# p
er
100
m/L)
Nunb
er o
f Sa
mple
s
Hat
er*
Qu
al
it
y
Cr
it
er
ia
1000.
10
0.
SI
TE
1
19
74
SIT
E 2
1975
SI
TE
3
19
75
SIT
E 4
1976
SIT
E 5
197
6
75/
76
SITE 6
1976
SIT
E 7
19
76
SIT
E 8
SIT
E 9
1976
1976
 
Distance
from
si
te
si
te
{me
tre
§}_
{me
tre
s}
.1m
9m
6m
26m
Dist
ance
from
45
.13
.21
L:02
1800.
200.
L10.
L10.
L10.
L40.
L10.
L1
0.
L10.
L1
0.
Dist
ance
from
s
i
t
e
{met
res}
Sep
tic
7m
Tank
433.
-
78.
41.
68.
15.
75.
85.
20.
12.
25.
12.
32.
21.
204.
-
111
.
-
93.
36.
.14
.76
55
.
.4
7
1.23
.01
.51
.05
- 170.
-
L10
.
Dist
ance
from
site
{metres}
Septi
c 6
m
Ta
nk
687.
-
95.
46.
67.
11.
44.
126.
19.
18.
48.
3.
28.
28.
253. —
152. —
101.
10.
141
.7
.09
.32
.10
158
.3
.57
158
.6
.68
20.
5
.01
17.
5
L.0
1
L.
01
-
.1
4
-
.0
2
-
— 2800.
-
L1
0.
-
L10.
Dist
ance
from
si
te
Dist
ance
from
si
te
Dist
ance
from
si
te
{me
tre
s}
{me
tre
s}_
_
{me
tre
s}
Sep
tic
12m
Sep
tic
7m
Tan
k
Tan
k
224.
-
599.
-
49.
32.
124.
86
53.
34.
172
.
32
14.
9.
48.
197
5.
2.
26.
20
16.
6.
21.
2
28.
22.
37.
92
150
.
-
243
.
—
67.
-
143.
-
83.
20.
100.
93
40.8
1.62
59.
.12
.07
.16
l
\
m
N
L
0
i
n
71.
\
D
H
N
.
L
n
L
O
O
‘
N
L
O
2.
44
7
1.6
18.5
1.2
-
40.
-
'
L
11
7
6
Sep
tic
10m
Tank
541.
-
.
32
2.
57
4.
.
24
1.
15
3.
.
74.
810
.
.
45.
203
.
.
17.
2.
.
45.
108
.
199
.
—
124.
-
.
75.
18.
.08
39.
.02
.12
.11
5.9
3
.7
5
57
.
.1
7
6.10
.05
20.
.03
L.
01
20.
-
138
10.
-
Dist
ance
from
site
{me
tre
sL_
_
Sep
tic
4m
Tank
Dist
ance
fran
site
{me
tre
s__
_
Sep
tic
6m
Tank
992
.
-
384
.
—
112.
195.
84.
43.
142.
27.
68.
30.
117.
184.
33.
27.
38.
42.
15.
11.
32.
1.
24.
5.
32.
100.
43.
38.
351
.
-
218
.
-
171
.
—
113
.
—
180
.
10.
105
.
4.
104
.
.03
68.
.02
.22
1.4
0
.3
15.
7
117
.
.15
83.
.50
117.
2
1.55
8
1
18.
1
L.0
1
12.8
10
0.
AVERAGE
SEP
TIC
TA
NK
EFFLUENT
QUA
LIT
Y
Sites 3
to 9
and
3 ot
hers
 
508.
79.
91
.
25.
23.
41.
205.
115.
90.
63.
.1
1
7
6
*
Pro
vin
cia
l
Hat
er
Qua
lit
y O
bje
cti
ves
(Wa
ter
Man
age
men
t;
1978).
**
Un-
ion
ize
d
ann
oni
a n
itr
oge
n;
L
= L
ess
tha
n
_ M.
--.n
....
,...
.
Goa
ls,
Pol
ici
es,
Obj
ect
ive
s
amo
unt
dep
end
ent
on
tem
per
atu
re
and
pH
of
the
aqu
eou
s a
mmo
nia
sol
uti
on.
***
Cri
ter
ion
dep
end
ent
on
alk
ali
nit
y;
ran
ges
fro
m
0.0
05
to
0.0
25
mg/
L.
and
Imp
lem
ent
ati
on
Pro
ced
ure
s o
f t
he
Min
ist
ry
of t
he E
nvir
onne
nt,
 
3
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Table 7.
RANGE OF CONCENTRATIONS, POINT SOURCE STUDY,
GRAND RIVER AND SAUGEEN RIVER PILOT WATERSHEDS
 
PARA
METE
R
SAUGEEN RIVER
GRAND RIVER
 
CRITERIA* MUNICIPAL MUNICIPAL 95 INDUSTRIAL
(6 STPS) (9 STPS) OUTFALLS
 
m
g
/
L
Total Phosphorus
Nitrate+Nitr
ite-Nitrogen
Amnonia
Nitrogen
Chlo
ride
Zinc
Le
ad
Cadmium
Copper
Ir
on
Nic
kel
Chromium
Arsenic
ug/L
Mercury
PCB
HCB
Lindane
Heptachl
or Epoxi
de
p.p'DDE
Dieldrin
Endrin
o,p'DDT
p.p'DDD
p.p'DDT
«Chlo
rdane
8Chlo
rdane
Mirex
BHC
.03 1.73 - 6.59 .45 - 4.45 L .001 - 180
10.
.05 -18.9 .01
- 18.1 L .005 -
5
.02** .0
2 -19.5 .01
- 18.9 L .002 -
20
250. 38. -92. 142 -945. 11 - 2000
.03 .019- .09 .03 - .79 .002 - 65
.005*** .0
02- .029 .002—
.04 .001 - 46
.0002 .001- .002 .001- .008 .001 -
.005 .008- .076 .007— .119 .002 - 59
.3 .09 - .93 .25 - 5.01 .03 - 24
.025 L .002- .0048 .001- .35 .001 - 73
.10 L .002- .023 .002- .31 .001 - 7
.10 .001- .003 .001- .002 .001 -
.
_
l
.
.
J
_
J
.
_
J
_
l
_
1
_
J
_
l
_
l
_
l
_
l
_
_
l
_
l
.2**** L .03 - .38 .02 - .43 .04 — 21
.001 ND - .05 ND - .34 ND — 1
-
ND
ND .025 ND -
.01 ND ND -.111 ND -
.001 ND - .025 ND - .003 ND -
.003 ND ND - .009 ND -
.001 ND - .005 ND - .05 ND -
.002 ND ND - .01 ND -
.003 ND ND - .007 ND -
.003
ND
ND - .04 ND -
.003 ND ND - .05 ND —
.06 ND ND - .12 ND -
.06 ND ND - .15 ND —
.001 ND ND - .002 ND
- ND ND — .01 ND -
:
7
.
2
.038
.
2
.0
2
.003
.010
.010
.010
.010
.008
.008
.0
08
.003
.0
04
.010
 
* Provincial Water Quality Objectives (Water Management; Goals, Policies, Objectives and Implementation
Procedures of the Minis
try of the Environment,
1978).
** Un—ionized annonia nitrogen; amount dependent on temperature and pH of the aqueous ammonia solution.
*** Criterion dependent on alkalinity; ranges from 0.005 to 0.025 mg/L.
**** Criterion based on filtered water sample.
L = L
ess th
an
ND = Not Detected
  
 10.2 UNIT LOADS
Unit load estimates are presented in tables 8 to 10, inclusive.
Table 8 presents unit-area load estimates for surface runoff from
lands used for processed organic waste disposal. Runoff from
agricultural land is included for comparative purposes. Table 9
presents unit-area load estimates to ground-water systems from
sanitary landfilling, processed organic waste disposal and land
irrigation from wastewater lagoons. The details of unit-area load
calculations are also given in Table 9. Table 10 presents unit
loads per capita for private waste disposal systems and municipal
and industrial point sources in the Grand River and Saugeen River
pilot watersheds. The details of unit loads per capita calculations
are also given in Table 10.
33
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Ta
bT
e
8.
SURFACE R
UNOFF, UN
IT-AREA L
OAD ESTIM
ATES
LA
ND
US
E
TOTAL
PHOSPHORUS
(kg/h
a/yr)
TOTAL
NITROGEN
(
k
g
/
h
a
/
y
r
)
CHLO
RIDE
(kg/ha/yr)
COP
PER
(
k
g
/
h
a
/
y
r
)
LE
AD
(kg
/ha
/yr
)
Z
I
N
C
(kg/ha/yr)
Processed Organic Waste Disposal
AgricuTturaT Land* (mean)
(range)
0.
32
0.
89
0.05-
2.30
 
1.6
11.7
0.62-23.5
2.
4
47.2
5.0
-12
4
.0
2
.
0
4
0.002—.093
.006
.015
0.004
-.037
.0
2
.11
0.005
-.28
* From Av
adhanula,
1979
 
Table 9.
GROUND WATER, UNIT-AREA LOAD ESTIMATES
 
LAND USE
ARE
A I
N
ONTARIO
(hectare
GROSS WASTE-
APPLICATION RATE
5) (m3/ha/yr)
TOTAL
PHOSPHORUS
(kg/ha/yr)
TOTAL
NITROGEN
(kg/ha/yr)
CHLORIDE
(kg/ha/yr)
COPPER
LEAD
(Kg/ha/yr)
(kg/ha/yr)
 
Sanitary
Landfill*
Lmdlr
ﬁguim
x
Processed Org
anic Haste Di
sposal+
8,900
17,550
1,0
50
0.19
0.13
12
.4
4,150.
11.
270.
2640.
8 .
0.005 0.006
 
* Unit-Area Load
+ Unit-Area Load
3
5
x Unit-Area Load = #5]
 
Not
e 1
:
—
annual
A2.
0
2
02—01
C301 + 0302 +
‘1
A2
.[GAR] [(14)]
sewage
SF(July-Oct) -
C403
A3
)
evapo
precipation
(77cm) - water
(3.3cm)
- transpiration
(64cm
1 (January-December) ;.Area
where:
T”(July-0ctober)
C2
SF
+3 . QAR
where:
AR
Ca
01
0
2
C4
03
A
GA
A
R
C
where:
GA
N
g
t
e
2
:
Q
3
 
365.25
days
0
1
concentration downstream (Table 1)
concentration upstrean (Table 1)
ground-water gradient (.082/.076)
stream flow volume (avg. 0.06156 m3/sec)
tile drain concentration, Brantford site
(Table 3)
tile drain discharge, Brantford site (1784 m3)
tile drain area, Brantford site (3.2 hectares)
roung-water flow, Brantford site
(4.2m /ha/day; Note 1)
study area, Brantford site (16 hectares)
concentration difference between downgradient
ground-water quality and background ground—water
quality, Newmarket site (Table 2)
ground-water flow, Newmarket site (4.6m3/ha/
day; Note 2)
study area, Newmarket site (3.2 hectares)
gross waste application rate (Table 9)
waste application rate, Brantford and
Newmarket sites (tables 2 and 3)
average waste concentration (Sullivan et al 1973)
gross waste application rate (Table 9)_T T”
attenuation factor (.85 for Nitrogen and 0.97 for
Phosphorus)
 
sewage
evapo
surface
annual
A3. [precipation (78cm) — water (1.9cm) - transpiration (58cm) - runoff (5.1cm)
 
365.25 days
 
 Table 10.
PARAMETER
UNIT LOAD
S PER CAP
ITA
GRAND RI
VER BASI
N
SAUGEEN
RIVER BA
SIN
 
PRIVATE NASTE*
DISPOSAL
SYSTEMS
(kg/capita/yr)
MUNICIPAL**
TOTAL MUNICI
PAL***
EFFLUENT AND INDUS
TRIAL DISCHARGES
(kg/capita/y
r) (kg/capit
a/yr)
PRIVATE NAST
E* MUNI
CIPAL**
DISPOS
AL SYS
TEMS
EFFLUE
NT
(kg/c
apita
/yr)
(kg/c
apita
/yr)
Total
Phosph
orus
Total
Nitrog
en
Chlo
ride
Le
ad
Zinc
Co
pp
er
 
2
«
\
o
o
v
a
O
N
“
)
0
7
4
9
26
4
.006
-
0 0006
0 0
09
0.0
09
0
a
v
.
* Unit loa
d per capita
3
6
** Unit Load per capita
*** Unit Loa
d per capita
Effluent
concentr
ation (T
able 5)
Popul
ation
using
year-
round
syste
ms
Grand
River
basin;
135,67
7
Saugee
n Rive
r basi
n; 32,
509
Volum
e of
wast
e wa
ter
from
year
-rou
nd
systems (168
L/person/day
)
Populati
on using
seasonal
dwelling
s
(3 months usage; 4 persons per system)
Grand Ri
ver basi
n; 7,223
systems
Saugeen Rive
r basin; 7,2
52 systems
Volume o
f waste
water fr
om seaso
nal
dwellings (9
1L/person/da
y)
Failure (0.30)
Attenuation
(P =.95; N =
.60; CL =0)
= (Fl'P
l'V1'365
+ €1'P2V
2'%g§)'(
F + (1—A)
)
where:
c1
l
l
H
0
.
V1
P2
I
I
I
I
u
_
<
= Total Volu
me Municipal
Effluent
Sewe
red
Popu
lati
on
= (Total Vol
ume Municipa
l Effluent)
+ (Total Vol
ume direct i
ndustrial di
scharges to
receiving st
reams)
Sewere
d Popu
lation
(379,00
0 Gran
d Rive
r basi
n; 24,
500 Sa
ugeen
River
basin)
 
 10.3
TOTAL
LOAD
ESTIMATES
B
a
s
e
d
o
n
u
n
i
t
T
o
a
d
e
s
t
i
m
a
t
e
s
,
t
o
t
a
T
T
o
a
d
s
f
o
r
v
a
r
i
o
u
s
T
a
n
d
u
s
e
s
i
n
t
h
e
G
r
a
n
d
R
i
v
e
r
a
n
d
S
a
u
g
e
e
n
R
i
v
e
r
p
i
T
o
t
w
a
t
e
r
s
h
e
d
s
w
e
r
e
c
o
m
p
u
t
e
d
.
T
h
e
t
o
t
a
T
e
s
t
i
m
a
t
e
d
T
o
a
d
is
b
a
s
e
d
o
n
t
h
e
s
u
m
o
f
aTT
d
i
f
f
u
s
e
a
n
d
p
o
i
n
t
-
s
o
u
r
c
e
T
o
a
d
s
i
n
t
h
e
p
i
T
o
t
w
a
t
e
r
s
h
e
d
s
.
L
o
a
d
s
f
o
r
t
h
e
m
a
j
o
r
T
a
n
d
u
s
e
s
w
i
t
h
i
n
t
h
e
p
i
T
o
t
w
a
t
e
r
s
h
e
d
s
a
r
e
p
r
e
s
e
n
t
e
d
in
T
a
b
T
e
11.
T
h
e
m
o
n
i
t
o
r
e
d
T
o
a
d
s
at
t
h
e
m
o
u
t
h
s
o
f
t
h
e
p
i
T
o
t
w
a
t
e
r
s
h
e
d
s
h
a
v
e
b
e
e
n
i
n
c
T
u
d
e
d
f
o
r
c
o
m
p
a
r
a
t
i
v
e
p
u
r
p
o
s
e
s
.
T
h
e
p
r
o
p
o
r
t
i
o
n
o
f
t
h
e
T
o
a
d
a
t
t
h
e
m
o
u
t
h
o
f
t
h
e
p
i
T
o
t
w
a
t
e
r
s
h
e
d
s
t
h
a
t
c
a
n
b
e
a
t
t
r
i
b
u
t
e
d
t
o
t
h
e
w
a
s
t
e
d
i
s
p
o
s
a
T
p
r
a
c
t
i
c
e
s
s
t
u
d
i
e
d
f
o
r
t
h
e
P
L
U
A
R
G
p
r
o
g
r
a
m
a
r
e
p
r
e
s
e
n
t
e
d
in
T
a
b
T
e
12.
37
TabTe 11.
RELATIVE SIGNIFICANCE OF SOURCES WITHIN THE PILOT WATERSHEDS (after Hore and Ostry, 1978)
 
3
8
WNITWED LOAD TOTAL* EXTRACTIVE, PROCESSED LAND IRRI- PRIVATE
AT MOUTH ESTIMATED URBAN RURAL WOODED/ TRANSPORT. ORGANIC SANITARY GATION FROM WASTE POINT
1975 1976 LOAD IDLE CORRIDORS WASTE LANDFILLS WASTEWATER DISPOSAL SOURCES
AT MOUTH
MISC . DISPOSAL LAGOONS
GRAND RIVER
Area (668,000 ha) - - - (20,000ha)(504,000ha)(127,000ha)(11,430ha) (5,110ha) (530ha) (100ha) - —
TotaT Phosphorus (mt/yr) 438 619 701 28 452 11 — 1 - 0.1 35 174
Tota] Nitrogen (mt/yr) 7,680 9,330 8,700 169 5,860 654 — — — 300 1,726
ChI or‘i de (mt/yr) 65,100 69,900 80,600 - 10,100 2,540 41,800 40 1,400 - 670 24,040
Lead (mt/yr) - 15 20 8 8 2' - - - - 2
Zinc (mt/yr) 65 91 90 10 54 2 - 1 - — - 23
Copper (mt/yr) 29 29 3O 2 18 4 - — — - - 6
SAUGEEN
RIVER
Area (400,000/ha) - - - (3,9701a)(258,000ha)(131,000ha) (6,830na) (1091a) (230ha) (101a) - —
Tota‘l Phosphorus (mt/yr) 204 160 273 3 229 13 - - - 1 9 18
Total Nitrogen (mt/yr) 3,130 3,420 3,870 26 2,969 675 -
— 2 78 120
ChIoride (mt/yr) 14,400 14,700 16,300 79 5,100 2,620 7,100 1 610 - 176 647
Lead (mt/yr) — 7 l3 2 8 3 —
-
— -
Z1'nc (mt/yr) 25 39 32 2 27 3 - - - - — —
Copper (mt/yr) 18 14 13 — 9 4 — — - - — -
 
* Sum of a1] diffuse and point source Toads. Diffuse Toads were estimated by muIt‘ipIy‘ing the speciﬁc Tand-use area in the piTot watershed
by its respective unit-area Toad.
 
TabTe 12.
PROPORTION OF THE
PILOT WATERSHED L
OAD ATTRIBUTABLE
TO WASTE DISPOSAL
 
LAND
USE
OR WA
STE
PARA
METE
RS (
EXPR
ESSE
D AS
“PERC
ENT
OF TH
E TO
TAL
LOAD
AT T
HE
DISP
OSAL
PRAC
TICE
MOUTH
OF E
ACH
PILO
T WA
TERSH
ED")
AREA
POPU
LATI
ON
(ha)
TOTAL
TOTAL
PHOSP
HORUS
NITRO
GEN
CHLOR
IDE
LEAD
ZINC
COPPE
R
 
GRAND
RIVER
668,0
00
514,0
00*
Point
Sourc
es
—
379,
000+
25.
20.
30.
11.
25.
21.
Privat
e Was
te
—
135,0
00#
5.
3.
0.8
Nil
Nil
NiT
Sanit
ary L
andfi
TTs
530
—
' NiT
NiT
2.
Trace
Trace
Trace
Proce
ssed
Organ
ic Wa
ste
5,110
—
0.1
Trace
Trace
Trace
Trace
Trace
Land
Irriga
tion
100
-
Trace
Trace
Trace
Trace
Trace
Trace
3
9
SAUGEEN
RIVER
400,000
57,500*
Point
Source
s
-
24,50
0+
7.
3.
4.
0.1
0.7
2.
Priva
te Wa
ste
-
33,00
0#
3.
2.
1.
Ni]
Mi]
Mi]
Sanitar
y Landf
iTTs
230
-
Mi]
Mi]
4.
Trace
Trace
Trace
Process
ed Orga
nic Was
te
109
-
0.3
Trace
Trace
Trace
Trace
Trace
Land Ir
rigatio
n
10
-
Trace
Trace
Trace
Trace
Trace
Trace
* Basin
PopuTation
+ S
ewered
Popui
ation
# Popuiation using Septic Tank Systems
 
 
 11.0 DATA INTERPRETATION AND CONCLUSIONS
 
11.1 CAUSES AND SOURCES OF POLLUTANT CONTRIBUTIONS
The major pollutants from waste disposal practices studied under the
PLUARG Task 'C' program were tentatively identified as follows:
 
Sanitary landfill — chloride
Processed organic waste disposal - phosphorus, nitrogen,
and trace elements
Land irrigation from wastewater lagoons - phosphorus and nitrogen
Private waste disposal - phosphorus and nitrogen
Point sources - phosphorus, nitrogen,
chloride, trace
elements and organic
chemicals.
With the exception of point-source discharges, the other waste
disposal practices identified above utilize a subsurface environment
to attenuate or treat the contaminants that they produce. The
attenuating mechanisms consist of bacterial decomposition, dilution
with subsurface water, chemical and physical reactions in the
wastewater and between the wastewater and the surrounding soils
through which the wastewater passes.
Other mechanisms influencing
the contamination of the subsurface environment are the volume of
contaminant, the rate at which it reaches the ground-water flow
system, the position of the source of contamination within the
ground-water flow systan and the hydraulic properties of the
materials through which the wastewater passes.
As a consequence of
all these highly variable factors, site-specific investigations are
usually required to quantitatively assess an environmental impact at
any site.
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11.1.1 Sanitary Landfill
PLUARG studies
conducted at the Violet sanitary landfill
site,
located in the Wilton Creek drainage basin, Ontario, (Figure 2),
suggest that the leachate
generated at the landfill
site is a
potential contaminant when compared with Provincial Water Quality
Objectives
(Anon.,
1978).
The
leachate composition ranges from one
to three orders of magnitude higher than Provincial Water Quality
Objectives for the parameters chloride,
ammonia nitrogen, total
phosphorus,
nickel,
copper,
lead and cadmium (Table 1).
Ground
water,
downgradient
of the landfill
site also contains higher
concentrations than the background ground water for the major
chemical
ions,
carbon, nitrogen,
trace elements, COD and phenolic
compounds (Table 1).
However, the migration of pollutants to the
receiving water is minimal as indicated by a comparison of the water
quality from paired samples upstream and downstream of the landfill
site (Table 1).
These data suggest that only chlorides
are being
delivered to the receiving stream in any appreciable amount.
The
other parameters approach or are below background water-quality
values indicating that they have been attenuated in the subsurface
passage of the leachate from the site to the stream, a distance of
approximately 35 metres.
11.1.2 Processed organic Waste Disposal on Agricultural Lands
 
Comparison with Provincial Water Quality Objectives (Anon., 1978)
indicates that the composition of processed organic waste ranges
from one to four orders of magnitude greater for all parameters than
the stated criteria as shown in tables 2 and 3. However, chemical
analysis of surface runoff, soil, biomass and ground water from the
PLUARG studies at two sites where processed organic waste was spread
on agricultural lands (Newnarket and Brantford, figures 3 and 4),
suggests that the major pollutants to receiving waters from this
disposal practice are phosphorus, nitrogen and trace elements.
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Monitoring data suggest that excessive accumulations of these
parameters are not occurring in the soils or plants. The presence
of pollution indicator bacteria in runoff and ground water suggests,
that under favourable conditions, bacterial contamination may be a
potential health hazard.
11.1.2.1 Surface Runoff: Precipitation, topography, season, cover
crop, soil type, composition of the processed organic waste and
application rate will effect the composition of the runoff from a
disposal site. Surface runoff from the Newmarket site was found to
be variable and the average chemical composition of five runoff
events in 1976 is shown in Table 2. In comparison with the Black
River at the Newmarket site, levels of nitrogen, phosphorus and
trace elanents in surface runoff from the site were up to one order
of magnitude higher (Table 2) than the receiving stream.
Analyses
for organochlorine compounds, triazene herbicides and PCBs were at
non-detectable levels.
Levels of pollution indicator bacteria in
surface-water runoff (Table 2) were within permissible levels as
stated in the Provincial Water Quality Objectives
(Anon.,
1978).
Surface runoff was
notmeasured at the Brantford site because of
flooding by the Grand River during runoff events
(Table 3).
Analyses of the flood water are included in Table 3 for comparative
purposes only.
11.1.2.2
Soils:
Trace elements and phosphorus are present in
significant quantities in processed organic waste
(sludge quality,
tables
2 and
3)
and
have
a high
affinity for
or
sorption
on
particulate matter.
Consequently,
uncontrolled spreading of
processed
organic
waste
may
lead
to
increased
levels
of
these
materials in the soil
at a site.
Comparison of the sludge amended
soils from the Newmarket and Brantford sites with average values for
Ontario soils (tables 2 and 3) suggest that very little
accumulation,
if any, is occurring at either site.
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 11.1.2.3
Biomass:
With
respect
to
accumulation
and
toxicity
of
trace
elenents
in
vegetation,
Webber
(1979)
indicates
that:
"elevated
levels
of
zinc,
copper
and
nickel
may
depress
crop
yields,
but
the
crops
exhibit
little,
if
any,
toxicity
to
animals;
high
levels
of
manganese,
iron,
aluminum
and
chromium
pose
relatively
little
hazard
because
of
either
high
plant
tolerance
and/or
non—accumulation;
arsenic
tends
to
accumulate
in
the
roots
and
most
of
the
edible
portions
of
the
plants
are
well
below
the
critical
concentration
(2.6
ppm);
low
levels
of
selenium,
antimony
and
mercury
are
normally
found
in
sludge
and
consequently
the
potential
hazard
is
low;
and
that
lead
exhibits
a
low
degree
of
potential
toxicity
in
the
concentrations
found
in sludge.”
Comparison
of
biomass
concentrations
from
the
Newmarket
and
Brantford
sites
with
acceptable
levels
as
shown
in
Table
4
(Bates,
1969),
suggest
that
excessive
build-up
in
the
plants
and
the
plant
tissue
is
not
occurring
as
a
result
of
processed
organic
waste
spreading.
11.1.2.4
Ground
Water:
Monitoring
of
ground
water
at
the
two
study
areas
suggests
that
increased
levels
of
phosphorus
and
nitrogen
in
the
ground
water
downgradient
of
the
sites
are
occurring
as
a
result
of
processed
organic
waste
spreading
(tables
2
and
3).
Increased
levels
of
some
trace
elements
(lead
and
cadmium
at
Newmarket;
nickel
at Brantford)
in the
ground
water
were
also observed.
Levels
of
pollution
indicator
bacteria
in
ground
water
from
the
study
areas
(tables 2 and 3) were within permissible
levels,
as stated in the
Provincial
Water Quality Objectives for total
and fecal coliforms
(Anon., 1978).
Their presence is an indication of potential
bacterial
pollution
and under favourable conditions pathogenic
micro—organisms, if present in the processed organic waste, could
constitute
a potential
health hazard.
Analyses for synthetic
organic materials (organochlorine compounds, triazine herbicides and
43
  
PCBs) showed non-detectable limits at both study sites.
11.1.3 Land Irrigation from Wastewater Lagoons
 
The results of the two investigations at Smithville and Shelburne,
conducted by the Ontario Ministry of the Environment (Ehlert 1973
and
197
5),
rel
ati
ng
to
ove
rla
nd
run
off
and
spr
ay
irr
iga
tio
n of
wastewater, respectively, were used to supplement the PLUARG studies
on waste disposal practices. Comparison of the chemical composition
of the sewage effluent with parameters noted in the Provincial Water
Quality Objectives (Anon., 1978) suggests that the potential
pollutants are phosphorus and nitrogen (Table 5). Elevated levels
of phosphorus and nitrogen were found in the ground water and
surface runoff from the sites. The presence of pollution indicator
bacteria in the ground water suggests that bacterial contamination
from wastewater irrigation may be considered as a potential health
hazard.
11.1.3.1 Surface Runoff: In comparison with streamflow quality,
the overland runoff of wastewater from the Smithville site appears
to be contributing nutrients, BOD and suspended solids to the
receiving waters of Twenty Mile Creek (Table 5). However, because
of the high waste assimilative capacity of the receiving waters
(i.e. relatively low volume of runoff in comparison to streamflow),
the water quality of the stream is not degraded to any appreciable
extent.
11.1.3.2 Ground Water: Infiltrating wastewater was monitored from
the overland runoff at Smithville and spray irrigation at
Shelburne. Data from these studies suggest that the soil materials
significantly attenuate phosphorus and nitrogen, as suggested from
the comparison of the effluent composition with the ground-water
quality adjacent to the sites (Table 5). In conjunction with the
reduction in nitrogen concentration, transformation from the complex
organic nitrogen form to the highly soluble, inorganic nitrate form
also occurs during infiltration.
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Ehlert
(1973)
suggests
that
the
presence
of
fecal
coliform
bacteria
(ranging
from
10/100
mL
to
100/100
mL)
in
ground-water
monitoring
points
at
the
Shelburne
site
is
an
indicator
of
bacterial
contamination
of
the
ground
water.
Ehlert
also
indicates
that
two
months
after
spraying
had
been
terminated,
bacterial
pollution
was
still
monitored
in
the
ground
water.
Consequently
he
concludes
that
under
favourable
conditions,
pathogenic
micro-organisms
such
as
Salmonella
which
occur
in
raw
sewage
and
sewage
effluents,
and
can
survive
for
long
periods
of
time,
can
be
considered
to
be
a
potential health hazard.
Analyses
for
bacterial
viruses
(bacteriophages)
which
are
similar
to
human
enteric
viruses
were
carried
out
in
both
the
lagoon
effluent
and
ground
water
in
an
attempt
to
trace
their
migration
pattern
through
soil
and
ground
waters
in
the
Shelburne
study.
It
was
concluded
that
passage
of
bacterial
viruses
through
the
soil
was
not
occurring.
11.1.4 Private Waste Disposal
 
Compared
with
the
Provincial
Water
Quality
Objectives
(Anon.,
1978),
concentrations
of
nitrogen,
phosphorus,
zinc,
copper,
lead
and
cadmium
from
septic—tank
effluents
exceed
the
stated
criteria
(Table
6).
However,
monitoring
of
the
ground-water
quality
downgradient
of
nine
study
sites,
suggests
that
only
phosphorus
and
nitrogen
are
potential
pollutants
from
private
waste
disposal
systems
(Table
6).
Attenuation
of
these
parameters
to
acceptable
levels
can
occur
providing
sufficient
soils
materials
and
suitable
ground-water
conditions
are
available
to
treat
the
wastewater.
In general,
counts
of
pollution
indicator
bacteria
in
the
ground
water
adjacent
to six of the nine sites were below the Provincial
WaterQuality
Objective of less than 1,000/100 mL (Table 6).
However, their
presence is an indication of potential
bacterial
pollution of the
receiving waters.
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11.1.5 Point Sources
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industry, as indicated below:
 
Saugeen River GrandRiver
Ba
si
n
Po
pu
la
ti
on
57
,5
00
51
4,
00
0
Ur
ba
n
or
se
we
re
d
24
,5
00
(43
%)
37
9,
00
0
(73
%)
population (in percent
of basin population)
Nu
mb
er
of
Se
wa
ge
9
22
Treatment Plants (STPs)
Nu
mb
er
of
In
du
st
ri
es
5
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te
r
th
an
65
0
treated by STPs
Ann
ual
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of
Was
te-
7x1
06
m3
93x
106
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te
r
tr
ea
te
d
by
ST
Ps
(0.
2
m3
/s
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.)
(2.
9
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/s
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.)
His
tor
ic
Ann
ual
Low
Flo
ws
7 t
o
14
m3/
sec
5 t
o
15
m3/
sec
.
Nu
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er
of
in
du
st
ri
es
1
95
discharging directly to
receiving streams
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 Industries
in
the
Saugeen
River
basin
include
poultry,
dairy
operations,
furniture
manufacturing
and
minor
metal
processing.
In
contrast,
the
larger
urban
p0pulation
in
the
Grand
River
basin
is
serviced
by
industries
such
as
textile,
rubber
manufacturing,
metal
processing,
chemical
and
food
processing.
Consequently,
pollutant
levels
from
point
sources
in
the
Grand
River
basin
are
higher
(Table
7),
particularly
the
pesticides,
organic
chemicals
and
trace
elements.
11.2
EXTENT
OF
POLLUTANT
CONTRIBUTION
AS
UNIT
LOADINGS
FROM
LAND-
USE
AREAS
WITHIN
THE
PILOT
WATERSHEDS
11.2.1 Unit-Area Loads
The
extent
of
pollutant
contribution
from
a
specific
area
is
dependent
on
the
magnitude
of
the
sum
of
all
the
pollutant
discharges
from
the
various
land
uses
and
practices
in
that
area
during
a
given
period
of
time.
This
pollutant
contribution
can
be
reduced
to
a
unit-area
load
which
is
the
total
load
divided
by
the
contributing
area.
If
the
contributing
area
has
a
single
land
use,
then
the
unit-area
load
will
be
representative
of
that
particular
land
use.
In
general,
if
the
proportion
of
a
particular
land
use
in
any
watershed
is
large,
the
contribution
from
that
land
use
will
be
relatively
large
even
if
the
unit-area
load
is
small.
11.2.1.1
Surface
Water:
Sites
used
for
sanitary
landfilling,
processed
organic
waste
disposal
and
land
irrigation
from
wastewater
lagoons
are
designed
to
minimize
losses
to
surface
runoff.
Under
the
PLUARG
studies,
surface
runoff
was
only
monitored
from
the
processed
organic
waste
disposal
study
at
Newmarket.
Using
data
from
five
runoff
events
in
the
spring
of
1976,
unit-area
loads
were
computed
for
nutrients,
chloride
and
trace
elements
(Table
8).
The
spreading
of
the
processed
organic
waste
was
occurring
on
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agr
icu
ltu
ral
land
(i.e
. g
ras
s-h
ay
crop
) a
nd
the
com
put
ed
uni
t-a
rea
loads fall within the range calculated by Avadhanula (1979) for
runoff from agricultural lands (Table 8). Further examination of
these data indicates that the values computed for runoff from the
New
mar
ket
sit
e f
all
con
sid
era
bly
bel
ow
the
mea
n v
alu
e f
or
run
off
from agricultural land. This suggests that the impact of spreading
processed organic waste on the low-intensity agricultural land (at
the Newmarket site) is minimal.
11.2.1.2 Ground Water: In terms of ground-water quality, providing
sufficient earth materials and suitable ground-water conditions are
available between the site and where ground-water discharge occurs,
most pollutants will be attenuated to below detectable limits.
Under these circumstances, the effect on receiving stream water
quality will be minimal. However, the impact on the ground-water
system can be potentially large.
Where applicable, the pollutant loads to the ground-water systems
from sanitary landfilling, processed organic waste disposal (on
agricultural land) and land irrigation from wastewater lagoons was
estimated using monitoring data for nutrients, chloride and trace
elements (Table 9). These loads were then adjusted, as shown in
Table 9, to estimate a unit-area loads to the receiving streams from
the ground-water systems.
In comparison with pollutant inputs from surface runoff (Table 8) on
agricultural land, unit-area loads from ground water (Table 9) are
significant for chloride from sanitary landfilling (56 times as
large) and nitrogen from land irrigation from wastewater lagoons (23
times as large). The remaining ground-water inputs are comparable
to pollutant loads for surface runoff from agricultural lands.
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 11.2.2 Unit Loads
Some waste disposal
practices,
such as point sources
and private
waste disposal, do not lend themselves to a strict unit—area load
calculation.
Unit loadings
independent of area provide a more
suitable
method
of
reporting
the
loads
from
these
sources.
Unit
loads per capita per year
are presented in Table 10 for private
waste
disposal
and point
sources
in
the
Grand
River
and
Saugeen
River
pilot
watersheds.
The
pollutant
loading
estimate
from
private
waste disposal
presumes that 30% of the existing systems failed to
remove
pollutants
from
the
septic-tank
effluent,
on
a yearly
basis
(Chan, 1978).
For example,
the pending of effluent on the ground
surface
at
various
times
of
the
year
can
occur
with
subsequent
delivery
of pollutants
to
receiving
streams
by
surface
runoff.
Unit
loads for total phosphorus from municipal
and private
sewage
sources vary from 0.3 kg/capita/yr in the Grand River pilot
watershed
to 0.7 kg/capita/yr
in the Saugeen River pilot watershed
(Table 10). The low unit loads in the Grand River basin, compared
to the Saugeen River basin, reflect the phosphorus removal
facilities required by the Province of Ontario as part of the
phosphorus removal program at wastewater treatment plants (STPs) in
the lower Great Lakes. Total nitrogen varies from approximately
2 kg/capita/yr from private waste disposal systems to approximately
5 kg/capita/yr from wastewater treatment plant effluents in the
pilot watersheds. Chloride ranges from 5 kg/capita/yr from private
waste disposal systems to approximately 60 kg/capita/yr from
wastewater treatment plants in the Grand River watershed. The
higher values for trace elements and chloride in the Grand River
watershed reflect the more industrialized nature of the watershed in
comparison with the more rural Saugeen River watershed.
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 11.3 RELATIVE SIGNIFICANCE OF SOURCES WITHIN THE PILOT NATERSHEDS
 
Unit-area Toad derived from the PLUARG studies were used in
conjunction with the basin—wide inventory of aTT Tand uses in the
Grand River and Saugeen River piTot watersheds to estimate a totaT
Toad by sumnation at the mouths of the watersheds. The magnitude of
these summed Toads compared favourabTy, by Tess than a factor of
two, with the monitored Toad at the respective mouths (TabTe 11).
ConsequentTy,the estimated Toads computed from the unit-area Toads
were considered to be reasonabTe estimates of the poTTutant inputs
to the piTot watersheds.
For ease of comparison, Toads for the waste disposaT practices
studied under the PLUARG program are presented in TabTe 12 according.
to the proportion of the Toad at the mouth of the piTot watershed
which coqu be attributed to that particuTar Tand use or waste
disposaT practice. These data (TabTe 12) suggest that point sources
contribute 20 to 30% of the nutrient and chToride Toad at the mouth
of the Grand River, an urbanized watershed. However, in a
predominantTy ruraT watershed such as the Saugeen River, this
proportion is quite Tow, from 3 to 7% of the Toad at the mouth.
Private waste disposaT was estimated to contribute Tess than 5% of
the nutrient and chToride Toad at the mouths of the piTot
watersheds. As indicated earTier, this vaTue assumes a 30% faiTure
rate in the abiTity of systems to remove poTTutants (Chan, 1978).
Processed organic waste disposaT and Tand irrigation of wastewater
effTuent were found to contribute very TittTe to the impairment of
Great Lakes water quaTity. However, thesepractices are not
widespread in the piTot watersheds and consequentTy their impact is
minimaT. If these practices were to be widespread, the poTTutant
contribution coqu become significant because of their potentiaTTy
high unit-area Toads, even after renovation or poTTutant attenuation
considerations.
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to
the
dis
pos
al
of
was
tes
.
Obv
iou
s c
ont
rol
str
ate
gie
s f
or
was
te
dis
pos
al
pra
cti
ces
in
pre
sen
t u
se
are
the
ret
ent
ion
of
con
tam
ina
nts
to
pre
ven
t t
hem
fro
m r
eac
hin
g t
he
rec
eiv
ing
wat
ers
.
For
tho
se
lan
d-
use
pra
cti
ces
tha
t i
nit
ial
ly
imp
act
on
the
gro
und
-wa
ter
sys
tem
,
properly designed sites that take advantage of dilution, bacterial
decomposition and chemical and physical reactions in the waste and
between the soil and the waste will minimize the ultimate impact on
receiving stream water quality. Schemes that renovate the natural
environment, such as infiltration of wastewater which recharges the
ground-water system as well as providing a degree of effluent
renovation, should be encouraged.
12.1 FEASIBLE REMEDIAL MEASURES
 
12.1.1 Sanitary Landfills
If wastes are enriched with heavy metals and organic chemicals,
accumulations in the soil from land disposal of such wastes could
ultimately create an environmental health hazard. Proper design and
management of sanitary landfill sites, utilizing the natural
attenuating capacity of the soil for removing pollutants from
leachate generated by the waste, will minimize pollutant transmis-
sion to receiving waters. However, local impairment of ground water
may occur and as a result, stringent site—specific controls may be
required.
12.1.2 Processed Organic Waste Disposal
Guidelines for processed organic waste disposal on agricultural
lands have been developed for use in the Province. Providing
implementation of the guidelines is strictly enforcedwith respect
to application rates, site selection and sludge content,
environmental hazards will be minimized as a result of spreading
processed organic waste on agricultural lands.
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 12.1.3
Land
Irrigation
from Wastewater
Lagoons
Guidelines
used
in
existing
approval
procedures
by
the
Ontario
Ministry
of
the
Environment
presently
provide
adequate
protection
of
the
quality
of
ground
and
surface
waters
from
contamination
by
land
irrigation of wastewater effluent.
12.1.4 Private Waste Disposal
 
Properly
designed
and
constructed
septic
systems
utilize
the
natural
sorption
characteristics
of
the
soil
to
minimize
pollution.
System
failures
can
result
in
the
impairment
of
ground
water
and
receiving
strewn
water
quality
with
respect
to
phosphorus,
nitrogen
and
bacterial
contamination.
Although
attenuation
of
phosphorus
by
soil
adsorption
is
a
natural
control,
abatement
at
the
source
in
private
waste
disposal
systems
(i.e.
alum
additives
in
the
septic
tank
or
holding
tanks)
may
be
an
environmentally
satisfactory
solution
where
insufficient
soil
is
available
for
natural
attenuation.
Transport—
ing suitable soils with high exchange capacities to the site may
also
be
considered.
Alternative
strategies
are
the
use
of
other
disposal methods such as humus toilets
or other suitable soils with
high
exchange
capacities;
however,
the
cost
of
this
latter
alternative will be directly related to the cost of transporting
these materials to the site.
Nitrogen transformation
of organic
nitrogen that accumulates in the septic systems can create localized
ground-water problems
as a result of nitrate leaching.
Providing a septic tank/tile field system is designed and
constructed according to current Provincial
regulations on proper
soil types, the proposed minimum distance between tile fields, wells
and surface waters are considered adequate to avoid contamination of
drinking water and to protect the surface waters.
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 12.1.5 Point Sources
Sur
vei
lla
nce
of
mun
ici
pal
and
ind
ust
ria
l
sou
rce
s
is
a P
rov
inc
ial
res
pon
sib
ili
ty
and
rem
edi
al
act
ion
is
rec
omm
end
ed
whe
n
pro
ble
m
are
as
are
ide
nti
fie
d.
Exi
sti
ng
Pro
vin
cia
l r
egu
lat
ion
s
are
ade
qua
te
to
con
tro
l
poi
nt
sou
rce
s.
Con
seq
uen
tly
,
rec
omm
end
ati
ons
for
poi
nt
sources were not considered under the PLUARG study.
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